Inflammatory joint diseases in man differ markedly in their response to anti-inflammatory agents. Perhaps the best known example is the dramatic effect of salicylates in acute rheumatic fever in contrast to their minimal value in acute juvenile rheumatoid arthritis. Phenylbutazone is quite helpful in treating ankylosing spondylitis, but is of little value in peripheral rheumatoid arthritis.
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In the last few years, our laboratory has used the cellular exudate in rabbit knee joints as an index of certain types of inflammatory reactions. Injection of foreign proteins into the suprapatellar bursae of non-immunized rabbits leads to granulocytic exudation by some unknown recognition of foreigness; the amount of exudation is roughly proportionate to the degree of foreigness and to the antigenicity of the protein.' Histologically, the synovial lining of rabbits injected with foreign protein shows little vascular change and no deep cellular reaction. In pre-immunized rabbits, injections of foreign protein cause an Arthus-type reaction with vascular dilatation and polymorphonuclear reaction in the deeper tissues of the synovium, and markedly enhanced migration of inflammatory cells into the synovial cavity.'2 Another interesting inflammatory agent is bacterial endotoxin. In extremely small amounts, it produces an intense intraarticular exudate without very striking histologic changes in the synovial tissues.3"' These three types of synovial inflammatory reactions-foreign protein in normal rabbits and in pre-immunized rabbits, and bacterial endotoxin in normal rabbits-have been produced, and the effect of certain anti-inflammatory drugs assayed in each of the model systems. The drugs (salicylates, corticosteroids, chloroquine phosphate, and phenylbutazone) were used in dosages that have been shown to decrease the permeability of rabbit synovial membrane to a macromolecular dye.5
MATERIALS AND METHODS

Production of the inflammatory reactions
New Zealand white rabbits, male and female, weighing approximately 3 to 4 kg. were used in all experiments. For the reaction to foreign protein in normal rabbits, 3 X recrystallized ovalbumin (Worthington Biochemical Corp., Freehold, N. J.) was injected into the suprapatellar pouch in a dose of 5 mg. in 0.5 ml. of saline. This material was shown to be free of endotoxin, in that an intravenous injection of 100 mg. was non-pyrogenic for rabbits. In the immunization experiments, equal portions of 1 per cent ovalbumin and Freund's complete adjuvant were prepared, and 1 ml. of the mixture was injected into the four extremities of the rabbits; the injections were repeated three weeks later. The intrabursal inflammatory dose of ovalbumin (0.5 mg. in 0.5 ml. of saline) was injected 18 days after the last immunization. A highly purified bacterial endotoxin ("E" pyrogen, Organon Laboratories, Ltd., London, England) in a dose of .0005 pg per 0.5 ml. of saline was the endotoxin used to produce an inflammatory reaction.
Quantitation of the inflammatory reaction
In all experiments, the knee joint was washed with saline and the total exudate cells counted six hours after the inflammatory agent had been injected into the suprapatellar bursae. As in previous studies, the exudate was harvested by washing the joint with 2 ml. of saline, and the total volume of washings collected. Cell counts were obtained with a Coulter Electronic Particle Counter after preliminary studies had revealed an excellent correlation with conventional methods of leukocyte counting. These methods have been described in detail in previous publications." periments"3 had shown that the inflammatory response of the suprapatellar bursae to endotoxin and to ovalbumin in both normal and pre-immunized animals was significantly different from the inflammatory response to saline. It was decided that concurrent testing with saline as the inflammatory agent was not necessary in these particular experiments.
The basic drug regimens used were comparable to those which Sharp found decreased the permeability of the synovial membrane of the rabbit to phenolsulfonphthalein (PSP).' These drugs and their dosages were: a. Phenylbutazone, 16 mg/ kg. intraperitoneally daily for 7 days; b. cortisone acetate, 7 mg/kg. intraperitoneally daily for 7 days; c. sodium salicylate, 100 mg/kg. intraperitoneally daily for 7 days; and chloroquine phosphate, 8 mg/kg. intraperitoneally daily for 14 days. In all experiments, a separate group of control animals received saline intraperitoneally daily for 14 days. In general, the drug dosages were about twice the usual daily doses, based on body weight, used in therapy in man. All drugs were administered so that the final dose of the drug occurred two hours prior to the administration of the inflammatory agent.
In some experiments cortisone acetate was given subcutaneously in a different dosage schedule because of some unusual results with the cortisone, and because Frankel and Havenhill' found that cortisone given subcutaneously was much more effective than the same amount injected intraperitoneally. The details are given in the text. In one experiment, prednisone phosphate, 6 mg/kg., was used intravenously one hour before the inflammatory stimulus (endotoxin Because of the suggestion of some inhibitory effect on the inflammatory reaction by cortisone given intraperitoneally, repeat experiments were performed using two different dosage schedules: a) cortisone acetate, 7 mg/ kg. subcutaneously daily for 7 days, and b) cortisone acetate, 7 mg/kg. subcutaneously for 5 days, plus 25 mg. hydrocortisone intravenously one hour before the intrasynovial inflammatory challenge with ovalbumin. As shown in Figtire 2, left, the daily subcutaneous dose of cortisone did not change the inflammatory response, but the extra boost with intravenous hydrocortisone immediately before the intrasynovial challenge (Fig. 2 , right) did suppress cellular exudation significantly (p <0.05 but >0.02).
Ovalbumin (0.5 mg.) in hypersensitive animals
As indicated in Figure 3 , a marked exudation occurred in hypersensitive animals challenged with a small dose of the antigen, ovalbumin. Clearly, chloroquine in the dosage used had no effect on the amount of exudate.
Insufficient data were obtained on the effect of sodium salicylate to draw any conclusion. Phenylbutazone induced moderate suppression (p <0.05 but >0.02) and cortisone when given on a dosage schedule of 50 mg. subcutaneously for 7 days, was quite effective (p <0.01).
Endotoxin in norma rabbits
The results with the regular schedule of drug dosages are shown in Figure 4 . Again, chloroquine and salicylate were without effect on the inflammatory response to this minute amount of endotoxin. Phenylbutazone strikingly inhibited this reaction (p <0.01). Daily intraperitoneal injections of cortisone, however, actually enhanced the inflammatory response to endotoxin to a significant degree (p <0.05 but >0.02) over the salineinjected controls. Both daily subcutaneous injections of cortisone acetate (7 mg/kg. for 7 days) and a 5-day course of cortisone acetate subcutaneously (7 mg/kg.) supplemented with 25 mg. of hydrocortisone on the day of challenge, caused suppression (p <0.01) (Fig. 5, left) . Similarly, prednisolone phosphate (6 mg/kg.) given intravenously one hour before intrasynovial endotoxin suppressed the exudative response significantly (p <0.05 but >0.02).
DISCUSSION
In these experiments the effects of a group of drugs that are known to have anti-inflammatory activity in human joint diseases were studied in the rabbit for their effects in producing experimental synovial inflammatory reactions. Sharp5 found that the drugs in dosages used decreased the absorption of a macromolecular dye from the rabbit knee joint. Presumably, the drugs had an anti-inflammatory effect by lessening capillary permeability.
Our observations employed an entirely different method of assessing anti-inflammatory action-the decrease in intrasynovial accumulation of leukocytes after intra-articular injection of inflammatory stimuli. Of the three stimuli used, ovalbumin in large doses (5 mg.) causes exudation of cells by some unknown mechanism involved in reactivity to foreign macromolecules.' Endotoxin in extremely small amounts produces an intense exudation of cells by a mechanism that is totally obscure.3 A small dose of antigen into the knees of previously immunized rabbits produces an intense Arthus-type inflammatory reaction.2' Chloraquine and sodium salicylate, which had a marked effect in reducing capillary permeability in the study by Sharp,' had no demonstrable effect on leukocyte migration into the knee joints in any of the experimental systems used. Phenylbutazone inhibited cell migration modestly in all three types of experimental synovial inflammation, suggesting that this drug had some primary activity on the complex mechanisms of leukocyte migration. The effects of corticosteroids were variable. Cortisone dramatically inhibited the immunologic inflammation in the rabbits immunized and then challenged with antigen in the knee joint, a finding in agreement with its usual anti-inflammatory action in the dermal Arthus phenomenon.8
In the inflammatory response to foreign protein and in the exudation caused by endotoxin, the effects of steroids varied with the method of administering the drugs. In both inflammatory processes, corticosteroids only suppressed exudation when an intravenous injection immediately preceded the inflammatory stimulus. This observation fits with the variable action of corticosteroids in such traditional inflammatory reactions as the localized Schwartzman reaction. 9 The corticosteroid results also suggest that the inflammatory reaction of foreignness and the reaction to endotoxin might have a common pathogenetic mechanism, and it is interesting that neither reaction is accompanied by striking histological changes in the synovium.
SUMMARY
Chloraquine phosphate, sodium salicylate, phenylbutazone, and corticosteroids were observed for their ability to suppress the migration of leukocytes into the knee joint of rabbits after intra-articular injection of three different inflammatory stimuli: 1) a foreign protein (ovalbumin) in normal rabbits, 2) bacterial endotoxin in normal rabbits, and 3) antigen (oval-280 Volume 41, Decembcr, 1968 Drugs antd syntovial intflammnation bumin) in immunized rabbits. Chloraquine and salicylates, in the dosage used, were without effect. Phenylbutazone suppressed exudation moderately in all three inflammatory reactions. Corticosteroids were dramatically effective in the immune (Arthus-type) reaction, but had variable effects, depending on dosage schedule, on the reaction to foreign protein and on the response to endotoxin.
